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1. 

SEED HULL, EXTRACTASSMLATION 
AGENTS FOR AGROCHEMICA, 

COMPOSITIONS 

This is a continuation-in-part of application Scr, No. 
775,460 filcd Oct, 15, 1991 and now U.S. Pat. No. 5,352, 
264. 

FIELD OF THE INVENTON 

The prescnt invention relates to combinations of: (a) an 
assimilation agent consisting essentially of an oxidizcd sced 
hull extract containing a blend of carbohydratics and derived 
polyhydroxy carboxylic acids; and (b) a plant growth regu 
lating agent and/or systemic insccticidc and fungicidc for 
plants for enhanced assimilation into a plant trcatcd with the 
mixturc, 

BACKGROUND OF THE INVENTION 

A number of activc agents arc applicd to thc cxtcrior 
surfaces of plants for thc purpose of affecting or protecting 
the plant. Plant growth regulating agents arc applicd for 
killing the plant or regulating (c.g., stunting or encouraging) 
its growth activity. Plant growth regulating agents cncom 
pass those agents known to act as herbicides as well as thosc 
acting as fertilizers and plant growth hormoncs. Systemic 
insecticides for plants are applicd to protect thc plant against 
insect damage. 
Almost all cxternally applicd active agents must first cnter 

the plant metabolism through various transport and absorp 
tion mechanisms before the agent can have its intcnded 
effect, The absorption and assimilation of the applicd agents 
is hindered by a natural waxy outer coating on most plant 
external surfaces. In general, agents that are not rcadily 
assimilated into thc plant require higher application ratcs or 
must be applied in combination with agents that incrcase the 
residence time on the foliage to accommodate a slower 
assimilation ratc. Neither solution is entirely satisfactory 
since both higher application rates and increascd residence 
times on the plant foliage present increascd risks of cnvi 
ronmental contamination as well as increascd risks to the 
applicators. Indeed, some otherwisc uscful herbicidcs and 
plant growth regulating agents have received maximum 
application rate limits due to such problems. 

Surfactants have been commonly used to increase the 
wetted surface area of the plant's outer surface. Thc 
increased area thus increases thc absolute amount of applicd 
agent that is absorbed in a unit of timc. The most commonly 
used surfactant for plant growth regulating agents is a 
product known as ORTHO X-77TM containing 70.75% 
ethoxylated octylphenol, 15% frec fatty acids, and 10% 
isopropanol. It is believed that the isopropanol component of 
X-77M partially dissolves the waxy outcr coating to permit 
the applied agents to more easily penetratic into thc plant 
tissues. Isopropanol, however, poses certain risks of flam 
mability in usc and in product storage. 

It would be desirable to have a means for rcducing the 
amount of active agents that are applicd to thc cxternal 
surfaces of plants without sacrificc in cfficacy. 

It would also be desirable to have a means for increasing 
the efficacy of externally applied active agents when used at 
the same application rate as is conventionally uscd, 

SUMMARY OF THE INVENTION 

It is an objective of the invention to provide a means for 
reducing thc amount of externally applicd plant growth 
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2 
regulating agents and systemic insccticidcs and fungicidcs 
for plants without sacrificc in cficacy. 

It is also an objcctive of thc prescnt invcntion to provide 
a mcans for increasing thc cficacy of cxternally applicd 
plant growth rcgulating agents and systemic insccticidcs and 
fungicides for plants at thc samc application ratic as is 
conventionally uscd. 

It is anothcr objcctive of thc invention to provide a 
mcthod for producing a natural mixture of Krchs cycle acids 
and thcir associated carbohydratics. 

In accordance with thcsc and other objcctivcs of thc 
invention which will become apparcnt from the description 
hcrcin, compositions according to the invention comprisc 
(1) an assimilation agent consisting csscntially of an oxi 
di/cd sced hull cxtract containing a blcnd of carbohydratics 
and derived polyhydroxy carboxylic acids; and (2) an active 
agent containing a plant growth rcgulating agent or a sys 
temic insccticidc or fungicidc for plants, 
Thc prescnt invention is dircctcd to thc discovery that the 

assimilation agents improvics the assimilation propertics of 
plant growth regulating agents and systemic insccticidcs into 
plant metabolic processcs. When thc cxtract and an active 
agent arc applicd in combination, lowcrlovcils of such active 
agents can bc used to achicve at lcast thc samc levcil of 
cflicacy comparcd to thc previously used higher ratics, Lcss 
chcmicals arc thcrcby rcquircd to achieve thc samc levcil of 
performancc with an attendant reduction in hazards associ 
atcd with human cxposurc to trcated arcas and cnvironmcn 
tal relcasc. 

DETALED DESCRIPTION OF THE 
INVENTION 

The prescnt invention rclates to thc combination of: (1) an 
assimilation agent consisting cssentially of an oxidized sced 
hull cxtract containing polyhydroxycarboxylic acids associ 
atcd with thc Krcbs citric acid cyclc and carbohydrates 
relatcd thcrcto; and (2) an active agent containing cither a 
plant growth rcgulating agent or a systemic insccticidc or 
fungicidcs for plants. This combination of ingredients cxhib 
its an enhanced assimilation of thc active agent into the 
plant's mctabolic cycle for cfficient transport throughout the 
plant, Usc of the synthetic Krcbs cycle acids (scc, c.g., 
Sampson U.S. Pat. No. 4,436,547) in placc of the prescnt 
cxtract docs not rcalize the samc levcil of intraplant transport 
or bencficial growth cffects. 
The assimilation agent of the invention is obtaincd as a 

mixture from thc two stagc oxidation of pcntosc-containing 
cxtract from sccd hulls as describcd in copcnding applica 
tion Scr. No. 07/775,460 which was filed on Oct. 15, 1991 
now U.S. Pat, No. 5,352,264 the disclosure of which is 
hcrcin incorporated by referencc. Bricfly described, a sccd 
hull extract according to thc invention is preparcd by a 
process comprising and preferably consisting csscntially of: 
(a) contacting sccd hulls with nitric acid (pre?crably a 
concentration within the rangc of about 4-6%) to hydrolyzc 
pentosan polymers in said hulls to form apcntosc-containing 
cxtract; (b) agitating said cxtract with stcam at a temperature 
below the boiling point of watcr (preferably within thc range 
of 75°.85°C. for about 8-20 hours) to oxidizcat least in part 
pentoscs from said hulls into polyhydroxycarboxylic acids 
and form a first oxidized cxtract strcam; (c) separating thc 
sccd hull solids from the first oxidized cxtract to avoid 
further oxidation and cxtraction of matcrials from thc solids 
and form a clarifica cxtract; (d) contacting the clarificd 
extract with additional nitric acid to oxidizc at least in 
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further part the clarified extract into a second oxidized 
product stream containing a blend of carbohydrates and 
derived polyhydroxy carboxylic acids; and (e) concentrating 
the second oxidized product stream at a temperature of no 
more than 60°C. (preferably no more than 45° C. by vacuum 
distillation) to produce a concentrated product containing, 
and preferably consisting essentially of, polyhydroxycar 
boxylic acids and carbohydrates related thereto. 

Acids that can be found in the oxidized extract of the 
invention include mixtures of succinic acid, malic acid, 
glycollic acid, glyceric acid, Xylonic acid, oxalic acid, 
malonic acid, adipic acid, and glutaric acid. The polyhy 
droxycarboxylic acids are related to hydroxyglutaric acid. 
The carbohydrates in the extract include trioses and hexoses. 

If desired, the concentrated seed hull extract of the 
invention can be enhanced by the addition of one of more 
synthetic Krebs cycle acids to increase the amount of active 
acids from about 2-4% to greater than 15-40 wt %. 

Seed hulls that can be used as a source for extraction are 
preferably hulls that exhibit a glucoxylane hemicellulose 
type of structure. Hemicellulose is a type of cellular mem 
brane differing from cellulose and is easier to extract with 
alkali or by hydrolysis with mineral acids and producing 
primarily pentoses with some hexoses. Such hulls include 
rice hulls, oat hulls, corn hulls, cotton hulls, and virtually 
any other such pentose-containing hull, either alone or in 
combination. A preferred material for the extraction is 
glucoxylane type hemicellulose such as rice or oat hulls 
producing a dilute product mixture that can be recognized by 
the properties described in Table 1 after oxidation and 
clarification in accordance with the invention. 

TABLE 1. 

Yellowish-clear solution having the odor 
of fermented glucose 
107-109° C. at 760 mm Hg 
1.020-1.040 g/cc at 20° C. 
2.5-3.5% (expressed as trihydroxy 
pentanedioic acid) 
Maximum of 1% 

Appearance and odor 

Boiling Point 
Density 
Total carboxylic acids 

Nitric acid 

Virtually any conventional method can be used to contact 
the seed hulls with the nitric acid. Although any extraction 
process can be used, exemplary batch methods include spray 
percolation, full immersion, and intermittent drainage of 
nitric acid through a bed of seed hull solids. Exemplary 
continuous contacting methods include multistage concur 
rent or countercurrent extraction sequences, moving bed 
percolation, tilting pan filters, and horizontal filters. The 
preferred contacting method is a batch, full immersion 
process in a pressurizable container. 

After extraction, seed hull solids must be separated from 
the extract solution to avoid further reaction or extraction in 
the subsequent oxidation step which have a material, 
adverse effect on the basic and novel assimilation-enhancing 
effects of the clarified extract. The separation can be accom 
plished by any of the conventional liquid-solid separation 
processes including centrifugation, filtration, straining, sedi 
mentation, decantation, and hydrocyclone separation either 
alone or in serial combination. The preferred separation 
method is decantation followed by centrifugal separation. 

Dilute rice hull extract product mixture substantially free 
of seed hull solids is concentrated by vacuum evaporation at 
a pressure within the range from about 145 mm Hg to about 
200 mm Hg at a maximum temperature within the range 
from about 45° C. to about 60° C. These conditions are 
selected to avoid further conversion or oxidation of the 
carbohydrates and acids in the product solution. 
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4 
Although the exact mechanism of action is not completely 

known, evidence suggests that the combination of acid and 
the related carbohydrate has a number of complex, inter 
related effects on plants. The activities identified to date 
relate the carboxylic acid-containing component to (a) 
enhanced movement of a simultaneously applied active 
agent into and through the plant via an interaction with the 
plant's metabolic cycles; (b) stomatal opening processes 
with enhanced water uptake efficiency; (c) plant metabolism 
modifications affecting nutrient and carbohydrate transpor 
tation and transformation in the plant; and (d) modifications 
in the fruiting characteristics as well as post-harvest behav 
ioral changes. 

Acids associated with the Krebs citric acid cycle that can 
be found in oxidized extract of the present invention include 
mixtures of citric acid, cis-acotinic acid, isocitric, oxalosuc 
cinic, O-ketoglutaric acid, trihydroxyglutaric acid, succinic 
acid, fumaric acid, malic acid, oxaloacetic acid, pyruvic 
acid, lactic acid, glycolic acid, and 2,3,4-trihydroxypen 
tanedioic acid. Generally, the oxidized extract of the inven 
tion contains at least one of the polyhydroxycarboxylic acids 
related to hydroxy glutaric acid. The carbohydrates related 
to the acids in the oxidized extract usually also include 
trioses pentoses and hexoses. 

Generally, the acid and associated carbohydrate are 
applied to the external surfaces of plants at an application 
rate within the range from about 0.5 ounces per acre to about 
10 ounces per acre, preferably within the range from about 
1-5 ounces per acre at an active ingredient concentration 
within the range of about 4-6 wt %. The specific application 
rate will depend on the active agent being applied, and is 
thus readily determinable with the exercise of no more than 
the existing level of skill in this art. 
A combination of the acid and carbohydrate, as described 

above, facilitates transfer of applied active agents into the 
plant metabolism independent of the plant growth regulating 
agent chemistry. As such, the acid/carbohydrate combina 
tion of the invention is not properly characterized as a 
"synergist' for a specific plant growth regulating agent or 
systemic insecticide because the enhanced effects are due to 
intraplant transfer rather than unique attenuation of any 
particular active ingredient. 
The plant growth regulating component of the present 

invention can include, inter alia: plant growth enhancing 
amounts of at least one of the 84 identified gibberillins with 
GA, GA, GA, GA, and GA being the preferred gibber 
illins for use in the present invention, cytokinins (e.g., 
Zeatin, kinetin, benzyladenine, dihydrozeatin, and isopente 
nyl adenine), auxins (e.g., indoleacetic acid (IAA), indole 
butyric acid (IBA), and naphthalenacetic acid (NAA)); 
sodium ortho-nitrophenolate; sodium para-nitrophenolate; 
sodium 5-nitro-guaicolate; polyhydroxycarboxylic acids of 
2, 4, 5, and 6 carbon structures that are not associated with 
the Krebs cycle; a growth stunting amount of mepiquat 
chloride; a lethal amount of either glyphosate or sulfosate; a 
growth enhancing amount of bacillus subtilis; and a sulfo 
nyl-urea herbicides; and systemic fungicide (e.g., tridemo 
rph). 
A preferred form of mepiquat chloride is a sodium-free 

form made by contacting chloromethane with N-methylpi 
peridine in acetone for a time sufficient to precipitate solid 
mepiquat chloride. 

Suitable systemic insecticides for plants that benefit from 
the present invention include, inter alia, aldicarb. Other 
systemic insecticides and other translocated active ingredi 
ents which can be used in the present invention are apparent 
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to those with no more than the cxisting levci of skill in thc 
art, 

EXAMPLES 

The following cxamples will scrwc to illustratic a proccss 
for preparing the assimilation agent uscd in thc invcntion. 

Example 1 

Example 1 describes a method for producing concentrated 
extract according to thc invention. An cxtraction vcsscl 
loaded with 2,250-10,000 kg of ground ricchulls and/or oat 
hulls having a size within thc range from about 24-90 mcsh 
would be contactcd with 8,000 to 38,000 litcrs of watcr and 
700–3,300 kg of nitric acid (54–60% IINO) under stcam 
agitation to remove an aqucous pentosc-containing cxtract. 
Preferably, the weight ratio of hull solids to nitric acid 
solution is within the range from about 0.1 to about 0.5, cven 
more preferably within the range of 1:3 to 1:5. The stcam 
pressure would be maintained in a range from 7 to 9 k/cm 
at a temperature that did not excccd 70°. 85°C. 

Hull solids arc then separated from thcpcntosc-containing 
cxtract stream without significant change in tcmpcrature. 
Such separation is required to prevent furthcr cxtraction of 
materials and furthcr reaction with thc solids in the subsc 
quent contacting steps, thc reactants of which have a matc 
rial, adverse influence on thc assimilation-cnhancing prop 
erties of extract that is oxidized in the abscnce of significant 
quantitics of thc hull solids, Thc separation can bc accom 
plished by any of thc conventional liquid/solid separation 
methods. 
When thc solids have been separatcd, 475–2,200 kg 

(preferably 800-1500kg) of additional nitric acid solution is 
added to thc pentosc-containing extract solution and held at 
temperature for 4 to 20 hours (preferably 8-14 hours) to 
yield a dilute product mixture containing about one or morc 
acids associatcd with the Krcbs cyclc including 2,3,4-trihy 
droxypentancdioic acid, and various polyhydroxycarboxylic 
acids having the general formula HOOC-(CHOH)- 
COOH where n is 3, 4, or 5; pentose-derived carbohydratics; 
with the remaindcr containing various lignins typc com 
pounds. 

Concentration of the dilutc product can bc pcrformcd by 
passing the dilutc product mixture to an ascending film 
vacuum evaporator at a pressure within the range of about 
140-200 mm Hg absolute to increasc the product conccn 
tration to about 4.5-5.5 wt % total acids, Thc vacuum 
evaporator lowers the solution boiling point to about 
45°-60° C. Steam can be added to maintain atcmpcraturc of 
less than 60° C. if needed. The concentratcd product will 
have a pH within the range from about 1.5 to 2.5 with a 
specific gravity within the range from about 1.06 to 1.08 
g/cm at 20° C. 

Concentrated product should bc trcatcd to remove sus 
pended solids and objectionable coloration by virtually any 
conventional liquid-solids separation process. Contact with 
activated carbon for 0.5-2 hours at 40°-60°C, with agitation 
is preferred for removing undesirable colors from the prod 
uct. Addition of a flocculating agent (c.g., a polyacrylamidc) 
followed by period of quiescent scttling and dccanting arc 
preferred steps to remove suspended solids from the con 
centrated product solution. 

Example 1A 

The product can also be treated with calcium for trcating 
plants with particularly high calcium inccds. Calcium 
hydroxide or calcium chloridc can bc added to the product 
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6 
in a quantity sufficicnt to produce a pH within thc range from 
about 6.0-8.0 rubbcr lincd reactor. Calcium nitratic can bc 
added to furthcr raisc thc calcium conticnt of thc product if 
desircd. Depcnding on the amount of calcium added, thc 
resulting product can have variable calcium content, Prc 
ferrcd calcium concentrations arc up to about 8.5 wt % with 
products having 1-5 wt % calcium bcing uscful where lowcr 
concentrations arc useful and products having 7.8-8.5 wt % 
bcing uscful for high calcium inccds. Thc prcfcrrcd tempera 
turc for forming thc calcium-containing product is about 60° 
C. 

Examplc 1B 

The ammonium form of thc product can bc made by 
permitting ammonia gas to bubble through thc product for 
making a solution that is particularly bcnc?icial for plants 
having high nitrogen inccds. Suflicicnt ammonia is added to 
result in a product solution having a pH within thc range 
from about 6-8. Thc preferred temperature for forming the 
nitrogen-containing product is about 60° C. 

Examplc 1C 

If dcsircd, thc acid contcnt of thc product may be raiscd 
by adding 0.5-20 wt %, prcfcrably 1-10 wt % cach of onc 
or more of thc naturally-occurring dicarboxylic acids, c.g., 
oxaloacctic, glutaric, malic, and citric acids. The preferred 
acid concentration in thc acid-adjustcd product is within the 
range from about 4.5-5.5 wt % (PHCATM) for applications 
such as fruit filling. High acid products containing 40–45 wt 
% total carboxylic acids (KREBSOL") can bc made for 
high acid applications such as bioregulator auxiliary, 

Examplc 1D 

The product can bc trcatcd with potassium to provide a 
product particularly bcncficial for plants having necd for 
potassium, Potassium hydroxidic that has bccn neutralizcd 
with acctic acid alonc or in combination with potassium 
acctate can bc added to provide a product having 8-15 wt % 
calculatcd as K.O. Prcfcrably, thc carboxylic acid content is 
adjustcd to bc within the range from about 2.5-3.5 wt %. 

Examplc 1E 

A varicty of other inorganic additives can also be uscd to 
modify thc product, Boron salts can bc added to makc 
products having 0.3-0.5 wt % B in thc product for applica 
tion to plants requiring prevention of dcficicncics. Iron, 
copper, mangancsc, magnesium, and Zinc sulfates can bc 
addcd as well as a water soluble boron salt in levcls within 
thc rangc from about 0.1-2.5 wt % of cach mineral nutrient. 

Examplc 1F 

If a solid product is desircd, thc oxidized cxtract can bc 
combincd with virtually any form of absorbcnt solids which 
can act as a carricr. In a preferred cmbodimcnt, the concen 
tratcd cxtract is fortificd with dicarboxylic acids to a level 
within the rangc from about 12-13 wt % of total carboxylic 
acids and 3.5-4 wt % carbohydrates. Spcnt ricc and/or oat 
hulls that werc previously removed from the extract bcforc 
thc oxidation stcp scrve as a convcnicnt absorbcnt carricr 
and arc recombincd with thc oxidized cxtract. Urca, glucosc, 
gypsum, and calcium hydroxide arc then added to ncutralizc 
the mixturc to a pH within thc range of 5.5-6.5 as well as to 
aid in thc formation of the final granulcs. Thc granulcsarc 
then sizcd to 8-14 mesh (1.19-2.38 mm) in size. 
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In each of the following examples, extract according to 
example I was used as the source of the carboxylic acid and 
associated carbohydrate. 

Examples 2-4 

Extract 2A was prepared by the process of the invention 
using rice hulls exhibiting 4.5-5.5 wt % total polyhydroxy 
carboxylic acids expressed as trihydroxypentanedioic acid. 

Extract 2B was prepared by a similar process except that 
the rice hulls were not separated before the addition of the 
supplemental nitric acid for the second oxidation stage. 
Extract 2B exhibits 1.5–2.5 wt % total carboxylic acids and 
is used commercially as a soil amendment for loosening clay 
containing soils. 

Extracts 2A and 2B were applied to plant foliage at 
equivalent active carboxylic acid rates. In greenhouse tests, 
four liter pots were filled with inert substrate. Tomato plants 
were transplanted into the test pots at the fourth true leaf 
stage of growth and irrigated with the same nutrient solution. 
Treatments with extract 2A or extract 2B were applied to the 
foliage every 10 days after the eighth true leaf stage and up 
to the third cut. Fifteen replications were used for each 
extract. Five pots were sampled at fruit setting for plant 
mass. The remaining 10 pots were used to evaluate yield. 

TABLE 2 

Example Treatment Rate (pints per acre) 

Control w 

2 Extract. 2A 2.58 
3 Extract. 2B 2.58 
4. Extract 2B 1.03 

TABLE 3 

Dry Weight (g/plant) 

Example Root Meristem Stem + Leaves Total 

control 1.3 a 3.2 a. 7.1 a 21.6b 
2 1.7 a 3.5 a. 24.6 a 29.8a. 
3 1.4 a 3.6 a 16.7 21.7 b 
4 1.6 a 3.2 a 18. b 22.9 b 

Extracts 2A and 2B differed significantly in the total plant 
mass and the sum of stem and leaf mass. Extract. 2A 
produced statistically more plant mass overall and in the 
stems and leaves. There was no statistical difference among 
the treatments or the control in root and meristem weights. 
(Means within columns followed by the same letter are not 
significantly different at the 5% level of probability.) 
The yield of tomatoes was statistically better for extract 

2A than for extract 2B with correspondingly higher potas 
sium and magnesium contents. The calcium content of the 
tomatoes treated with extract 2A are considered to be 
statistically equivalent to those from treatment with extract 
2B at the same application rate. As reflected by the equiva 
lent numbers of fruits per plant, the plant response to 
treatment with extract appears to manifest in fruit filling 
rather than fruit setting. See, Tables 4 and 5, respectively. 
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TABLE 4 

Yield 

Example g/plant fruit/plant 

control 3.05.1 b 16.8 a 
2 502.4 a 17.6 a 
3 3448 16.5 a. 
4. 295.8 b 4.7 a 

TABLE 5 

Nutrient Content (mg/plant) 

Example Ca K Mg 

control 271.6 c 806.4b. 139.7 b 
2 345.7 a 1059.3 a 1793 a 
3 321.4 ab 847.2b 52.5 b 
4. 272.1 bc T92.5 b 510 b 

Example 5 

Sulfosate (TouchdownTM) was tested for control over 
bahiagrass (Paspalum notalium) in a formulation with the 
commercially available surfactant, ORTHO X-77TM, and 
with assimilation agent prepared according to example 1. 
Bahiagrass is a weed found in citrus groves that is eliminated 
to conserve water for the citrus fruit. Thus, the speed with 
which the bahiagrass is controlled is important. 
The application rate of the sulfosate in this example was 

50% of the suggested label rate for control of bahiagrass, 
i.e., 1 lb active ingredient per acre (0.11 g/m). At this lower 
application rate the effectiveness of surfactant and assimi 
lation agent can be more readily determined. The surfactant 
and the assimilation agent were applied at 0.5 vol% and 1 
vol% rates. 
Each of the 24 test plots was 600 ft (55.7 m) with 4 

replications of 6 treatments at a weed height of 6inches (152 
mm). The weather was clear, 85° F (29° C), and 50% 
relative humidity. Each mixture was applied to the plant 
surfaces with a boom sprayer mounted on a tractor. 

Control over the bahiagrass was measured weekly for four 
weeks and then at 6 and 9 weeks. The results are shown in 
Table 6. 

TABLE 6 

Control % at Weeks 
After Treatment 

Treatment 1 2 3 4 6 9 

TOUCHDOWNTM 5 20 30 40 40 30 
TOUCHDOWNTM - 0.5% X.77 TM 10 50 70 75 75 70 
TOUCHDOWNTM - 1% X-77 TM 10 50 TO 75 75 70 
TOUCH DOWNTM -- 0.5% 2O 80 80 85 80 75 
assimilation agent 
TOUCHOOWNTM - 1% 20 80 80 85 80 15 
assimilation agent 
Untreated control 0 0 O O. O. O. 

Examination of the results in Table 6 show that the level 
of control did not differ between the 0.5% and 1% applica 
tion rates of each of the X-77TM and the present assimilation 
agent, i.e., even 0.5% of each was more than sufficient and 
1% showed no additional benefits. Even the overall level of 
control was close between the extract of the invention and 
the X-77TM surfactant (75% v. 70%). Where the products 
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differed, however, was in the spccd in which control was 
realized. Treatment with the extract showcd a higher levcl of 
control (80% v. 50%) in the 2 wecks after application. The 
water savings associated with quickly controlling bahiagrass 
is an important cconomic bencfit for citrus growcrs. 

Example 6 

Bahiagrass and broadleaf wecds (Florida puslcy, lambs 
quarter, ragweed, pigweed, jerusalcm oak, and spanish 
needles) werc controlled in citrus grovcs with TOUCH 
DOWNTM and a commercially available herbicidc, 

Trcatment 

10 

10 
lcvcl (0.25 vol%) of applicd assimilation agent. It should be 
notcd that maximum control was reachcd at 3 wecks with 
control beginning to dcclinc at 9 wiccks as regrowth began, 

Broadlca? wecds were also controllcd in citrus grovcs 
with thc same application ratics and conditions as the bahia 
grass tcsts of this examplc. Thc results arc reportcd in Table 
8. 

TABLE 8 

Control % at Wecks 
Aftcr Treatment 

2 3 4 6 9. 12 

'TOUCEDOWNTM 
TOUCDOWNTM - 0.25% X-17 M 

ROUNDUPIM 
ROUNDUPTM -- 0.25%. X-17 TM 

10 30 60 60 60 SO 5 
15 40 90 80 TO 60 25 

TOUCH DOWNM -- 0.25% assimilation agent 20 50 100 100 80 60 20 
10 40 80 80 TO 50 5 
15 40 90 85 15 60 25 
20 50 100 100 80 60 25 ROUNDUPM -- 0.25% assimilation agent 

Untreatcd control 

ROUNDUPTM, containing a lethal amount of glyphosatc 
(N-(phosphonomethyl)glycinc) as thc active ingrcdicnt and 
about 15-20 wt % of N,N-bis-2-(omega hydroxypolycthyl 
ene) ethylalkylamine with a polyoxycthylcnc content of 
3-60 moles of cthylenc oxidc as a mildly cationic cthoxy 
lated amine surfactant added by thc manufacturer. Thc 
X-77M and extract from example 1 were both added to the 
spray mix at the rate of 0.25 vol%. 
The application rate of each herbicide was 1 lb. active 

ingredient per acre (0.11 g/m). ROUNDUPM has a rec 
ommended application ratic of 0.3-1.0 lb/acre for annual 
weed spccics and 1.0-4.0 lb/acre for control of pcrcnnial 
weed species, Gcncrally 1.5-2.0 lb/acre is thought to bc 
adequate for most perennial weeds. 

Each of the 28 test plots was 500 ft (46.5 m) with 4 
replications of 7 treatments at a weed hcight of 8-10 inchcs 
(203-254 mm). The weather was partly cloudy, 90° F (32° 
C.), and 70% relative humidity. Each mixture was applicd to 
the plant surfaces with a boom sprayer mountcd on a tractor, 

Bahiagrass control was measured wcckly for four weeks 
and then at 6, 9, and 12 weeks after trcatmcnt, The control 
results for bahiagrass are reportcd in Table 7. 

30 

35 

40 

45 
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Thc results in Table 8 show that assimilation agent 
preparcd according to the Example 1 results in 100% 
broadleaf control in throc wecks with higher levels of 
control throughout the test pcriod. 

Examplc 7 

Cotton plants werc trcatcd with a systemic pcsticide 
commercially available under thc name TEMIKTM contain 
ing aldicarb as thc active ingrcdicnt. The function of a 
systemic insccticidc is to movc through the plant tissues 
saturating the tissucs to a levcl sufficicnt to control thc 
population of prcdatory pests ?eccling on thc affectcd plant 
tissues. Usually, control is through thc usc of amounts of 
insccticide that kills insccts ?cc.ding on the plant tissues, 
Bccausc thc systemic insccticidcaldicarb in not known to 
cxcrt a plant growth regulating cffect, any increascd yiclds 
cxhibitcd after treatment arc thc cffects of reduced plant 

Thc test was conducted in thrcc repctitions over 50 foot 
(15.24 m) cotton rows. TEMIKTM was applied at the pre 
scribcd ratc of 12 lb/acre (1.32 g/m). The granular form of 
the assimilation agcnt according to examplc 1F was applicd 

50 

TABLE 7 

Control % at Wecks 
After Trcatment 

Treatment 1 2 3 4 6 9 2 55 

TOUCHDOWNTM 5 20 40 40 40 20 10 
TOUCHDOWNTM -- 15 30 80 85 80 80 60 
0.25% X-77 TM 
TOUCHDOWN M - 0.25% 20 50 95 95 95 90 80 tissuc damagc from pcsts. 
assimilation agent 60 
ROUNDUPM 10 30 SO 50 45 30 15 
ROUNDUPM + 0.25%. X-T TM 15 35 80 85 80 80 60 
ROUNDUPIM -- 20 50 95 95 95 90 80 
0.25% assimilation agent 
Untreated control 0 0 0 O O O O 

65 

Both TOUCHDOWNTM and ROUNDUPM Showcd faster 
control at highcr levels throughout the tcst despitc the low 

at thcratic of 25 lb/acre (2.75 g/m). The averaged results are 
shown in Table 9. 
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TABLE 9 

Cotton Yield Plant Height Scars Pests 
Product (Balesiacre) (ft) (number per plant) (number per plant) 

Control 0.38 0.1 1.28 0.36 
TEMIKTM 0.75 0.23 0.44 0.20 
TEMIKTM + assimilation agent 1.10 0.27 0.2 0.2 

From Table 9, it is clear that the combination of the 
insecticide and the present assimilation resulted in higher 
cotton yields, lower numbers of scars, and lower numbers of 
pest counts per plant. These effects are characteristic of 
enhanced plant uptake, transport, and assimilation of insec 
ticide into the plant tissues. 

Because systemic insecticides have no inherent plant 
growth regulating effects and the extract-containing results 
in both examples 6 and 7 showed enhanced effects with 
different active ingredients, one must conclude that the 
extract is affecting plant transport mechanisms rather than 
acting as a synergistic agent that attenuates specific chemical 
species. 

Example 8 

Example 8 shows that the assimilation agent is enhancing 
plant transport mechanisms. Tomato and bell pepper plants 
were grown in a greenhouse under normal growing condi 
tions for each plant. Upon reaching 4-6 inches (102–152 
mm) in height, the plants were treated with 2 quarts/acre of 
a conventional 12-6-8 foliar fertilizer. Dilute extract of 
example 1 at a rate corresponding to 1 pint/acre and con 
centrated extract of example 1 at a rate corresponding to 2 
ounces/acre were each applied. Ten days after the treatment, 

10 

15 

30 

The products tested were: 

(1) PIX TM 4.2% mepiquat chloride 
(2) ML 4.2% of a sodium-free form of mepiquat chloride 
(3) MLK-12 A formulation containing 3.56 fluid ounces ML 

and 0.44 ounces of assimilation agent prepared 
according to example 1 containing additional 
synthetic Krebs cycle acids (40-45 wt % acids). 

(4) MLP A formulated compound of 4 ounces of ML and 
4 ounces of extract according to example 1. 

Plants were measured before and after application of the 
products. Each application was at an average of 14 initiated 
nodes above the cotyledon. The effects of this timing would 
have an influence upon internodes as low as number 10 
above the cotyledon. Measurements from node 0, or coty 
ledon, to node 18 are listed in Tables 11, 12, and 13. Node 
number 18 was the last developed internode when the test 
ended at 14 days after treatment. 

foliar samples were analyzed for nutrients. The results of the 35 
analysis are in Table 10. 

TABLE 10 

Treatment N-NO3 P-PO4 % K % Ca % Mg Fe Zn Mn Cu B 

Control 680 2470 2.43 1.7 0.65 100 28 78 20 24 
Dilute assimilation 1080 2800 3.08 1.80 0.70 110 33 81 22, 27 
agent 
Concentrated 1120 2880 3.0 1.8 0.75 105 37 85 25 32 
assimilation agent 

From table 10, both the concentrated and diluted forms of 
the extract of the present invention exhibited elevated levels TABLE 1 
of all nutrients despite rather significant differences among 50 Average Internode 
them. Length in Centimeters 

Treating Rate Counces Below Above Node 
Agent per acre) Node 8 8 Whole Plant 

E le xample 9 55 None 4.8 4.3 4.5 

In example 9, assimilation agent of the invention is used E: t g 3. 
to increase uptake of a plant growth regulator. The plant ML 8 49 40 45 
growth regulator, mepiquat chloride, has been marketed MLK-12 4. 5.3 4.1 4.6 
under name PIXTM and is used to stunt the plant tissue 60 MLP 8 4.8 4.1 4.4 
growth in cotton plants. Mepiquat chloride shortens intern 
ode vegetative length and final plant height. This growth As shown in Table 11, the preferred MLK-12 formulation 
stunting action allows growers to increase yields of cotton according to the present invention was able to produce, at a 
(the fruit of cotton plants). 4 oz/acre rate, an average internode length above node 8 
Example 9 evaluates the efficacy of mepiquat chloride 65 comparable to an 8 oz/acre rate of mepiquat chloride. These 

formulations with and without assimilation agent of the 
present invention. 

results mean that growers can use half of the regular 8 
oz/acre application rate and achieve comparable results with 
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a significantly reduced cost and cnvironmental impact. 

TABLE 12 
Total 

Rate Ileight 
(ounces Average Internode Iength after Application (cm) change 

Agent acro) #11 #12 #13 it 14 #15 #16 it 17 if 18 (cm) 

None --- 7.3 5.3 4.5 4.0 5.0 3.5 2.3 0.9 32.8 
PIX's M 8 7.2 4.3 3.8 2.1 3.3 2.2 1.3 1.0 25.8 
pXIM 4 6.5 4.8 5.0 3.2 3.5 3.7 15 O 29.2 
ML 8 6.7 3.3 4.2 2.8 3.1 18 10 O.O. 23.5 
MLK-12 4 6.5 3.7 3.2 2.8 2.1 13 0,1 O.O 20.9 
MLP 8 60 5.0 4.0 2.8 3.8 2.2 15 0.8 26. 

From Table 12, the effect of the applicd products can be 
scen on individual internode lengths. For instance, the 8 TABLE 14 
ounce application of PIXM was more cffectivc at stunting GRAMS Ol 

b ) growth than thc 4 ounce application yet the 4 ounce MLK-12 20 DRY MATTER PER PIANT 
application was superior to any of thc mepiquat chloridc Trcatment Root Mcristcms Stem -- I caves "Total 
treatments. MLP had similar activity to MLK-12 yet not as Control 1.3a 2.8a. 21.Ta 25.8a. 
pronounced nor at the lower application ratc. Glycolic acid 1.3a 1,7a 15.9a 8.9a 

25 Malic acid l, la 2.3a 19,7a 23, a 
Citric acid 0.9a 3.1a 15.6a 9.6a 

TABLE 13 Succinic acid .2a 3.4a 17.6a 22.2a. 
Rate Height Glutaric acid 0.9a 2.8a. 20.8a. 24,5a 

(ounces per Node 0–8 Node 8 and Total Gluconic acid 1.4a 2.9a 18.Ta 23,0a 
Agent acre) (cm) Above (cm) Hcight assimilation agcnt 1.5a 3.4a. 22.1a. 27.0a 

a CV (%) 26.2 22.3 17.7 17.3 
None --- 38.8 44.8 83.6 
PIXM 4. 37.1 44.3 82.0 
PIXM 8 40.3 38.0 T8.3 Thc synthctic acids did not producc statistically signifi 
ML 33 2. cant results for plant dry matter, Arithmetically, trcatmcnt 
M 2 8 380 357 in with synthetic acids cxhibitcd adversc cffects on dry matter 

3 in contrast to the cxtract of the prescnt invention, 
Total effect upon plant height is listcd in Table 13. The TABLE 1.5 

MLK-12 treatment, while not the shortest plant in total YE) 
height, it and the ML treatment had significant height 40 Fruit Weightfol Number of ruit/p Trcatmcnt Fruit Wei ruit/plant differences in the node 8 and above portion of thc plant. CaC ruit Weightiplant (g) umber o1 rultiplan 
Subsequent application of any of thc treatments would have Control 52.5bc 11.8ab 
further sh f lycolic acid 1314 c 10, Tab 

a further shortcning effect. Maic acid 135.4bc 9.7 b 
s - 1 Citric acid 147.3bc 11.0ab It is evident that assimilation agent of the present '' 45 sciicid 172.4bc 13.3ab 

tion have a positive effect on thc pcrformance of mcpiquat Glutaric acid 36.5bc 9.T. b 
chloride. The addition of 0.44 ounces of assimilation agent R acid t 33 b s 

w SSO ag 

to 3.56 ounces of mcpiquat chloridc clicits thc same and/or C.V. (%) ag 23.7 20, 
improved plant modification charactcristics as docs thc 

50 standard 8 ouncc/acre mepiquat chloridcratc. Extract of the invention cxhibited superior performance 
on fruit yicld compared to all other treatments. Thc synthctic 
acid treatmcnts were not statistically different from thc 

Example 10 control with thc adversc cxception of glycolic acid, 
Tomato cherry plants were treated in a greenhousc to 55 Thc cxtract was statistically bct tcr than malic and glutaric 

compare the effects of synthetic carboxylic acids, alonc and acid treatments for fruit sctting, as measured by thc numbcr 
y & of fruit, 
in a mixture, and assimilation agent containing 4.5-5.5% 
total polyhydroxycarboxylic acids cxpresscd as trihydroxy- TABLE 16 

M f 60 pentanedioic acid (CENERGY ). Foliar sprays were made NUTRIENT CONTENT (mg/plant) 
every two weeks beginning when the 6th trucleaf appearcd. 
Each dose was at the corresponding ratic of 3 pints per acrc. Treatment Ca K Mg 
The effects on total dry matter, yield, and nutricnt uptakc arc Control 206.3bc 749.4bc 127.9bc 
shown in Tables 14-16. (Means within columns followed by Syed E. 3. ii. 

y O Cl 9tc. C 
the same letter are not significantly different at thc 5% level Citric acid 213.2bc 550cd 114.7 cd 
of probability.) 
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TABLE 16-continued 

NUTRIENT CONTENT (mg/plant) 

Treatment Ca K Mg 

Succinic acid 257.4ab 779.4 ab 153.5ab 
Glutaric acid 280.9 a 647.5bcd 39.9bc 
Gluconic acid 279. a. 799.1 ab 148.7ab 
assimilation agent 311.5 a. 957.1 gc 743 a 
C.V. (%) 15.8 19.3 14.7 

One nutrient uptake, the assimilation agent of the inven 
tion was statistically better than all treatments, except glu 
conic and Succinic acid treatments. The extract was, how 
ever, numerically better than those treatments for all 
measured minerals. Glycolic acid exhibited an adverse effect 
on nutrient uptake. 

Examples 11-20 
Examples 11-20 compare the effect of synthetic ingredi 

ents against the assimilation agent of the invention. The 
specific treatments described in Table 17 include synthetic 
Krebs cycle acids alone and in combination, synthetic car 
bohydrates related to the Krebs cycle acids, and assimilation 
agent according to the invention. 

TABLE 17 

Example Description 

1. Synthetic carboxylic acid mixture' 
12 Synthetic carbohydrate mixture” 
13 Glutaric acid 
14 Synthetic carboxylic acid mixture + Synthetic carbo 

hydrate mixture 
15 Synthetic carboxylic acid mixture + Glutaric acid 
6 Synthetic carboxylic acid mixture + Synthetic carbo 

hydrate mixture -- Glutaric acid 
17 Oxidized seed hull extract + Glutaric acid 
18 Oxidized seed hull extract -- Gluconic acid 
19 Oxidized seed hull extract 
20 Control 

Synthetic carboxylic acid mixture includes glycolic acid, glyceric acid, and 
xylonic acid. 
*Synthetic carbohydrate mixture includes xylose, arabinose, glucose, man 
nose, and galactose. 

Soybeans were planted in a 6-8 mesh substrate in 250 ml 
pots. After soaking in 1:500 dilutions of each treatment, the 
pots were arranged in trays filled with a nutrient solution. 
After 14 days, the roots were removed and measured for 
length, the number of secondary roots, and dry weight. Six 
replications were performed. Table 18 reports the results. 

TABLE 1.8 

Main Root Secondary Dry 
Length Roots Weight 

Example (cm/plant) (number?plant) (mg/plant) 

11 18.75 99.5bcd 63.5 
12 1869 92.6 cd 57.8 
13 20.67 100.3 bc 43.3 
14 17.25 91.7 cd 46.7 
15 1842 87.3 d 52.5 
6 18.7 90.3 cc 58.2 
17 21.50 119.3 a 58.2 
8 1940 101.0 bc 45.0 
20 (Control) 18.80 99.0 cc 57.4 

Examples 11-20 show that the plant metabolism is advan 
tageously activated by the present assimilation agent as 
compared to synthetic acids and carbohydrates. Better 
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16 
results are generally shown for dry matter, fruit weight, 
number of secondary roots, and higher nutrient uptake. 
These effects are related to the activation of a pentose 
phosphate pathway plant metabolism which, while not wish 
ing to be bound by theory, is believed to be the most 
probable process for the enhanced assimilation of herbi 
cides, pesticides, and plant growth regulators. 

Examples 21-25 

Examples 21-25 show the enhanced uptake of sulfonyl 
urea type herbicides. These herbicides belong to the latest 
generation of compounds widely used in grain crops. The 
application rates used are generally low due to the potential 
for crop damage as well as high cost. Table 19 shows the 
effects of the present invention on these herbicides when 
used on corn. 

TABLE 19 

Welwet 
Ex- Crop Cokel Bur Leaf Weed 
2- Application In- Weed (control 
ple Material Rate jury (control %) %) 

21 Pinnacle TM 0.004 Ibia O 88.7 99 
Classic TM 0.004 IA 
Surfactant 0.5% why 
28% N 4% viv 

22 Pinacie TM 0.002 bia O 50 66 
Classic TM 0.002 biA 
28% N 4%, wfy 

23 Pinnacle TM 0.002 Ib/A O 88 99 
Cassic TM 0.002 b/A 
assimilation 0.25% 
agent 
28% N 4% why 

24 Pursuit TM 0.0311b/A 3 80 95 
Sunit TM 1.5 pt/A 
28% N 1 qt/A 

25 Pursuit TM 0.031 lbf A 1 80 92 
assimilation 0.25% viv 
agent 

Pinnacle TM is based on the herbicide commonly known as thifensulfuron 
methyl (CAS No. 79277-27-3). 
Classic TM contains the herbicide chlorimuron ethyl (CAS No. 90982-32-4). 
PursuitTM includes the herbicide imazethapyr (CAS No. 81334-34-1). 
SunitTM is a methylated seed oil spray adjavant 

The results in Table 19 show that the addition of the 
assimilation agent of the present invention to PinnacleTM 
(ex. 23) permits a 50% reduction in the application rate 
without loss of efficacy as occurs when the rate is reduced 
by 50%. Compare examples 21 and 22. The crop injury 
effects were also diminished by the addition of the present 
assimilation agent. Compare examples 24 and 25. 

Example 26-27 

Black sigatoka (Mycosphaerella fijensis var diformis) is 
an economically devastating fungus disease on bananas. 
Calixin (AI: tridemorph, CAS No. 81412-43-3) is widely 
used to control the fungus as a systemic fungicide although 
its main effect is by contact due to the limited effectiveness 
of systemic fungicides in banana leaves. Extract of the 
present invention was used to determine whether the fungi 
cide could exhibit more systemic effects. Table 20 has the 
results. 
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TABLE 2.0 

Ex- Active Youngest 
ar Spots (%) I caf 

ple Ingredient Rate 4 days 8 days Infectcd 

26 Calixir TM 8 oz/A 56.7 54.3 6 
Citroline TM 14 oz/A 
Surfactant 0.15% why 

27 Calixir TM 8 oz/A 4.5 11.3 T 
Citroline "M 14 oz/A 
Surfactant 0.15% viv 
assimilation 0.20% w/v 
agent 

Calixin' M is a systemic fungicide based on tridcmorph (CAS No. 81412 
43-3). 
Citroline TM is Petrollen distillate 

With the assimilation agent of thc invcntion, discasc 
control is significantly improved at 4 days a?tcrapplication 
(92% better) and at 8 days after application (79% bctter). A 
higher result of "youngest leaf infectcd' is related to a 
harvest season with a higher numbcr of leavcs. 

It will be understood that the preccding cxamplcs arc 
intended to serve as an aid to the undcrstanding of thc 
present invention. Specific details of the cxamplcs are not 
intended to scrve as limitations on thc scope of thc following 
claims. 
We claim: 
1. A composition comprising: 
(a) an assimilation agent comprising an oxidizcd cxtract 

obtained by a process comprising: 
i, contacting pentosan-containing sced hulls with nitric 

acid to hydrolyze pentosan polymers in said hulls to 
form a pentose-containing cxtract; 

ii. injecting steam into the mixture of pcntosc-contain 
ing extract and hull solids to agitatic said mixture 
while oxidizing at least in part thc pentoscs into 
polyhydroxycarboxylic acids in a first oxidizcd 
CXtract Stream; 

iii. separating the seed hull solids from the partially 
oxidized extract stream to make a clarifical product; 

iv, contacting the clarified product with additional nitric 
acid to oxidize at least in further part thc pentoscs in 
said first oxidized extract stream into a sccond oxi 
dized product stream containing a blend of carbo 
hydrates and polyhydroxycarboxylic acids; and 

v. concentrating the second oxidized product stream to 
produce a concentrated product containing polyhy 
droxycarboxylic acids and carbohydratics relatcd 
thereto; and 

(b) an active ingredient containing a plant growth regu 
lating agent, systemic fungicide, or a systemic insccti 
cide for plants. 

2. A composition in claim 1 wherein said activc ingredient 
is selected from the group consisting of at least one of thc 
gibberillins; sodium ortho-nitrophenolate; sodium para-ni 
trophenolate; sodium 5-nitro-guaicolatc; a growth stunting 
amount of mepiquat chloride; a lethal amount of cither 
glyphosate or sulfosate; and a sulfonyl-urea herbicide. 

3. A composition as in claim 1 whercin said active 
ingredient comprises gibberellic acid, 3-indolcbutyric acid, 
or combinations thercof. 

4. A composition as in claim 1 whercin said active 
ingredient comprises tridemorph as a systemic fungicide, 

5. A composition as in claim 1 whercin said active 
ingredient comprises aldicarb as a systemic insccticide, 

6. A method for affecting the growth of plants by a process 
comprising: 
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18 
applying to cxtcrnal surfaccs of a plant a growth regulat 

ing amount of a composition comprising: 
(a) an assimilation agent made by a process comprising: 

i. contacting pcntosan-containing sced hulls with nitric 
acid to hydrolyzc pcntosan polymers in said hulls to 
form a pcntosc-containing cxtract; 

ii, injecting stcam into thc mixture of pentosc-contain 
ing cxtract and hull solids to agitatic said mixture 
while oxidizing at least in part thc pcntoscs into 
polyhydroxycarboxylic acids in a first oxidized 
CXtract StrCam; 

iii. scparating thc sccd hull solids from the partially 
oxidized cxtract stream to makca clarificd product; 

iv, contacting thc clarifical product with additional nitric 
acid to oxidizcat least in further part thc pcntoscs in 
said first oxidized cxtract stream into a sccond oxi 
dizcd product stream containing a blend of carbo 
hydratics and dcrived polyhydroxycarboxylic acids; 
and 

v, concentrating thc sccond oxidizcd product stream to 
producca concentratcd product containing polyhy 
droxycarboxylic acids and carbohydrates relatcd 
thcroto; and 

(b) an activc ingredicnt containing a amount of a plant 
growth regulating agcnt cffective to affect the growth 
ratic of the trcatcd plant. 

7. A mcthod as in claim 6 whercin thc applying stcp 
compriscs: 

applying an assimilation agent made by a proccss con 
sisting csscntially of 
i, contacting sccd hulls with 4-6% nitric acid to hydro 

lyzc. pcntosan polymers in said hulls to form a 
pcntosc-containing cxtract; 

ii. agitating said cxtract with stcam at a ticmperature 
within the range of 75°-85° C. for 8–20 hours to 
oxidize pcntoscs within said extract to form polyhy 
droxycarboxylic acids in said first oxidizcd cxtract 
Stricam, 

iii, scparating thc sccd hull solids from thc aqucous 
CXtract, 

iv, contacting thc aqucous cxtract with additional nitric 
acid to at lcast partially oxidizc thc cxtract into a 
dilutc partially oxidizcd product stream containing a 
blend of carbohydratcs and derived polyhydroxycar 
boxylic acids; and 

v, concentrating the dilutc partially oxidizcd product 
stream by vacuum distillation at atcmperature of no 
more than 60° C. to produce a concentratcd assimi 
lation agent, 

8. A method as in claim 6 whercin the applying step 
compriscs applying a growth stunting amount of mcpiquat 
chloridc, 

9. A method as in claim 6 whercin the applying step 
compriscs applying a plant growth cnhancing amount of at 
least onc of the gibbcrillins. 

10. A mcthod as in claim 6 whercin thc applying step 
comprises applying said assimilation agcnt and a plant 
growth regulating agent comprising an active ingredicnt 
sclected from the group consisting of at lcast one of the 
gibbcrillins; sodium orthonitrophcnolate; sodium para-nitro 
phenolatc; sodium 5-nitro-guaicolatc; a growth stunting 
amount of mcpiquat chloridc; a lcthal amount of cithcr 
glyphosate or sulfosatc. 

11. A mcthod for protccting plants against predatory 
insccts by a process comprising: 

applying to cxtcrnal surfaces of a plant an insccticidally 
cfcctivc amount of a composition comprising: 
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(a) an assimilation agent made by a process comprising: 
i. contacting pentosan-containing seed hulls with nitric 

acid to hydrolyze pentosan polymers in said hulls to 
form a pentose-containing extract; 

ii. injecting steam into the mixture of pentose-contain 
ing extract and hull solids to agitate said mixture 
while oxidizing at least in part the pentoses into 
polyhydroxycarboxylic acids in a first oxidized 
eXtract Stream, 

iii. separating the seed hull solids from the partially 
oxidized extract stream to make a clarified product; 

iv. contacting the clarified product with additional nitric 
acid to oxidize at least in further part the pentoses in 
said first oxidized extract stream into a second oxi 
dized product stream containing a blend of carbo 
hydrates and derived polyhydroxycarboxylic acids; 
and 

v. concentrating the second oxidized product stream to 
produce a concentrated product containing polyhy 
droxycarboxylic acids and carbohydrates related 
thereto; and 

(b) an active ingredient containing a amount of a systemic 
insecticide effective to kill insects feeding on plant 
tissues. 

12. A method as in claim 11 wherein the applying step 
comprises: 

applying an assimilation agent made by a process con 
sisting essentially of: 
i. contacting seed hulls with 4-6% nitric acid to hydro 

lyze pentosan polymers in said hulls to form a 
pentose-containing extract, 

ii. agitating said extract with steam at a temperature 
within the range of 750°-85° C. for 8-20 hours to 
oxidize pentoses within said extract to form polyhy 
droxycarboxylic acids in said first oxidized extract 
Stream; 

iii. separating the seed hull solids from the aqueous 
eXtract, 

iv. contacting the aqueous extract with additional nitric 
acid to at least partially oxidize the extract into a 
dilute partially oxidized product stream containing a 
blend of carbohydrates and derived polyhydroxycar 
boxylic acids; and 

v. concentrating the dilute partially oxidized product 
stream by vacuum distillation at a temperature of no 
more than 60° C. to produce a concentrated assimi 
lation agent. 

13. A method as in claim 11 wherein the applying step 
comprises: applying an active ingredient comprising aldi 
carb. 

14. A method for protecting plants against fungus by a 
process comprising: 
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applying to external surfaces of a plant fungicidally 

effective amount of a composition comprising: 
(a) an assimilation agent made by a process comprising: 

i. contacting pentosan-containing seed hulls with nitric 
acid to hydrolyze pentosan polymers in said hulls to 
form a pentose-containing extract; 

ii. injecting steam into the mixture of pentose-contain 
ing extract and hull solids to agitate said mixture 
while oxidizing at least in part the pentoses into 
polyhydroxycarboxylic acids in a first oxidized 
eXtract Stream, 

iii. separating the seed hull solids from the partially 
oxidized extract stream to make a clarified product; 

iv. contacting the clarified product with additional nitric 
acid to oxidize at least in further part the pentoses in 
said first oxidized extract stream into a second oxi 
dized product stream containing a blend of carbo 
hydrates and derived polyhydroxycarboxylic acids; 
and 

v. concentrating the second oxidized product stream to 
produce a concentrated product containing polyhy 
droxycarboxylic acids and carbohydrates related 
thereto; and 

(b) an active ingredient containing a amount of a systemic 
fungicide effective to kill fungus on plant tissues. 

15. A method as in claim 14 wherein the applying step 
comprises: 

applying an assimilation agent made by a process con 
sisting essentially of: 
vi. contacting seed hulls with 4-6% nitric acid to 

hydrolyze pentosan polymers in said hulls to form a 
pentose-containing extract; 

vii. agitating said extract with steam at a temperature 
within the range of 75-85°C. for 8–20 hours to 
oxidize pentoses within said extract to form polyhy 
droxycarboxylic acids in said first oxidized extract 
Stream, 

viii. separating the seed hull solids from the aqueous 
eXtract, 

ix. contacting the aqueous extract with additional nitric 
acid to at least partially oxidize the extract into a 
dilute partially oxidized product stream containing a 
blend of carbohydrates and derived polyhydroxycar 
boxylic acids; and 

X, concentrating the dilute partially oxidized product 
stream by vacuum distillation at a temperature of no 
more than 60° C. to produce a concentrated assimi 
lation agent. 

16. A method as in claim 14 wherein the applying step 
comprises: applying an active ingredient comprising tride 
morph. 


